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Electroweak Chiral Lagrangian from Natural Topcolor-assisted Technicolor Model
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Based on previous studies computing coefficients of the electroweak chiral Lagrangian from
C.T.Hill’s schematic topcolor-assisted technicolor model, we generalize the calculation to K.Lane’s
prototype natural topcolor-assisted technicolor model. We find that typical features of the model
are qualitatively similar as those of Hill’s model, but Lane’s model prefers smaller technicolor group
and Z′ mass must be smaller than 400GeV, further S parameter is around order of +1 mainly
due to existence of three doublets of techniquarks. We obtain the values for all coefficients of the
electroweak chiral Lagrangian up to order of p4. Apart from negative large four fermion coupling
values, ETC impacts on the electroweak chiral Lagrangian coefficients are small, since techniquark
self energy which determines these coefficients in general receives almost no influence from ETC
induced four fermion interactions except for its large momentum tail.
PACS numbers: 11.10.Lm, 11.30.Rd, 12.10.Dm, 12.60.Nz
I. INTRODUCTION
Topcolor assisted technicolor (TC2) model realizes the
electroweak symmetry breaking (EWSB) by joining tech-
nicolor (TC) and topcolor together to remove the ob-
jections that topcolor is unnatural and that TC can-
not generate a large top mass. In the first schematic
model proposed by C.T.Hill[1], EWSB is driven mainly
by TC interactions and light quark and lepton masses
are expected to be generated by extended technicolor
(ETC). The third generation (t, b)L,R is arranged to
transform with the usual quantum numbers under the
gauge group SU(3)1⊗U(1)1 while (u, d), (c, s) transform
under a separate group SU(3)2 ⊗ U(1)2. At a scale of
order 1TeV, SU(3)1⊗SU(3)2⊗U(1)1⊗U(1)2 is dynam-
ically broken to the diagonal subgroup SU(3)C ⊗U(1)Y ,
and SU(3)1 ⊗ U(1)1 interactions are supercritical for t
quark leading top condensation, but subcritical for b
quark causing no bottom condensation which achieve
large mass difference between t and b quarks.
As a candidate of new physics model, before any
new particles such as Z ′ or colorons predicted in TC2
model show up in upcoming collider experiments, behav-
ior of the model in low energy region for those discov-
ered particles can be tested and described by its effec-
tive electroweak chiral Lagrangian (EWCL) [2, 3] which,
as a model independent platform of investigating EWSB
mechanism, parameterizes the model by a set of coeffi-
cients. Starting from this EWCL, except phenomenolog-
ical research on fixing the coefficients of EWCL from ex-
periments data, theoretical studies concentrate on com-
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puting the values of the coefficients from the detail un-
derlying model. Considering that TC2 model involves
strongly coupled dynamics for which traditional pertur-
bative expansion fails in the computation for the coeffi-
cients of EWCL, in previous paper[4], we built up a for-
mulation computing bosonic part of EWCL coefficients
up to order of p4 for one-doublet TC model[5] and Hill’s
schematic model[1]. This formulation is of general pur-
poses, it can be applied to many other strongly coupled
models. Then EWCL becomes an universal platform on
which we can compare different underlying models with
experiment data and extract out the true physical theory
of our real world. To achieve the aim of this comparison,
the left theoretical works are to compute EWCL coeffi-
cients model by models. Present work is the second paper
starting from Ref.[4] for series computations for various
strongly coupled new physics models. Here we focus on
K.Lane’s prototype natural TC2 model[6].
In original Hill’s model, effects of ETC interactions are
only qualitatively estimated, effective four fermion inter-
actions induced by ETC (EFFIIETC) are even not ex-
plicitly written down in Ref.[1]. Accordingly our previous
computations [4] also do not involve possible ETC’s con-
tributions. Examining ETC effects, Chivukula, Dobrescu
and Terning (CDT)[7] argued that the TC2 proposal can-
not be both natural and consistent with experimental
measurements of the parameter ρ = M2W /M
2
Z cos
2 θW .
In extreme case, even for degenerate up and down type
technifermions of third generation are likely to have
custodial-isospin violating couplings to the strong U(1)1
since part of mt must arise from ETC, and this leads
to large contributions to ρ parameter which contra-
dicts with experiment data. 1 To overcome this dif-
1 In fact, the detail up and down type technifermions of third gen-
eration are formally arranged not participating U(1)1 interaction
by vanishing their U(1)1 charges in original Hill’s model and then
ficulty, instead of conventional one doublet third gen-
eration technifermions, K.Lane and E.Eichten propose
their model[6] by introducing two sets of technifermion
doublets for third generation techniquarks with differ-
ent U(1)1 charges but up and down type technifermions
in the same doublet possesing the same U(1)1 charges:
T tL,R = (U
t, Dt)L,R giving the top quark its ETC-mass;
T bL,R = (U
b, Db)L,R giving the bottom quark its ETC-
mass, these cut the intimate relation between custodial-
isospin violation from techniquarks and t-b mass differ-
ence. Due to this important role of ETC interactions
in Lane’s model, its effects in EWCL is worth of exami-
nation and this paper is not only for computing EWCL
coefficients of Lane’s model, but also for investigating
ETC effects on these coefficients.
In next section, we apply our formulation developed in
Ref.[4] to Lane’s model[6]. We perform dynamical calcu-
lations through several steps: first integrate in goldstone
field U , then integrate out technigluons and techniquarks
by solving Schwinger-Dyson equation (SDE) for techni-
quarks and compute result effective action, further in-
tegrating out Z ′ and finally obtain EWCL coefficients.
Section III is the discussion. In the appendix, we list
some requisite formulae.
II. DERIVATION OF EWCL FROM LANE’S
MODEL
Consider prototype natural TC2 model proposed by
K.Lane and E.Eichten[6]. The TC group is not speci-
fied in Ref.[6], but chosen to be SU(N) in later Lane’s
improved model[8]. For definiteness, we take GTC =
SU(N). The gauge charge assignments of techniquarks
in GTC ⊗ SU(3)1 ⊗ SU(3)2 ⊗ SU(2)L ⊗U(1)Y1 ⊗U(1)Y2
are shown as Table I for which we choose the case B
solution2 to the anomaly conditions of Ref.[6].
The action of the symmetry breaking sector then is
SSBS[G
α
µ, A
A
1µ, A
A
2µ,W
a
µ, B1µ, B2µ, T¯
l, T l, T¯ t, T t, T¯ b, T b]
=
∫
d4x(Lgauge + Ltechniquark + Lbreaking + L4T) , (1)
do not cause large contribution to ρ. This result is compatible
with that obtained in Ref.[4]. But this naive arrangement is
not realistic in the sense, as mentioned by CDT[7], that to give
top and bottom (which must have different U(1)1 charges to
allow for their different masses) ETC masses, the different right-
handed technifermions to which top and bottom quarks couple
must have different U(1)1 charges.
2 Case A solution, as mentioned by K.Lane in Ref.[6], would not be
possible to generate proper ETC masses for the t and b quarks
and therefore not considered in this work.
TABLE I. Gauge charge assignments of techniquarks for
prototype natural TC2 model given in Ref.[6]. These
techniquarks are SU(3)1 ⊗ SU(3)2 singlets.
field SU(N) SU(2)L U(1)Y1 U(1)Y2
T lL N 2 0 0
U lR N 1 0
1
2
DlR N 1 0 -
1
2
T tL N 2 -1 1
U tR N 1 -
1
2
1
DtR N 1 -
1
2
0
T bL N 2 1 -1
UbR N 1
1
2
0
DbR N 1
1
2
-1
with different part of Lagrangian given by
Lgauge = −1
4
FαµνF
α,µν − 1
4
AA1µνA
Aµν
1 −
1
4
AA2µνA
Aµν
2
−1
4
W aµνW
a,µν − 1
4
B1µνB
1,µν − 1
4
B2µνB
µν
2 , (2)
Ltechniquark (3)
= T¯ l(i/∂ − gTCtα /Gα − g2 τ
a
2
/W
a
PL − 1
2
q2 /B2τ
3PR)T
l
+T¯ t(i/∂ − gTCtα /Gα − g2 τ
a
2
/W
a
PL + q1 /B1PL
−q2 /B2PL +
1
2
q1 /B1PR − (
1
2
+
τ3
2
)q2 /B2PR)T
t
+T¯ b(i/∂ − gTCtα /Gα − g2 τ
a
2
/W
a
PL − q1 /B1PL
+q2 /B2PL −
1
2
q1 /B1PR + (
1
2
− τ
3
2
)q2 /B2PR)T
b ,
L4T = Hdiag , (4)
Hdiag= g
2
ETC
M2ETC
T¯ iLγ
µT iL(bU U¯
j
RγµU
j
R + bDD¯
j
RγµD
j
R) , (5)
where gTC, g2, q1 and q2 are the coupling constants of,
respectively, SU(N), SU(2)L, U(1)Y1 and U(1)Y2 (since
techniquarks are SU(3)1 ⊗ SU(3)2 singlets, correspond-
ing coupling constants do not show up here); and the
corresponding gauge fields (field strength tensors) are de-
noted by Gαµ , W
a
µ , B1µ and B2µ (F
α
µν , W
a
µν , B1µν and
B2µν) with the superscript α runs from 1 to N
2 − 1 and
a from 1 to 3 (SU(3)1 ⊗ SU(3)2 gauge fields and field
strength tensors are denoted by AA1µ, A
A
2µ and A
A
1µν , A
A
2µν
with the superscript A runs from 1 to 8); tα = λα/2
(α = 1, . . . , N2 − 1) and τa (a = 1, 2, 3) are, respec-
tively, Gell-Mann and Pauli matrices. PR
L
= (1 ± γ5)/2.
2
Ordinary quarks are neglected, since we only discuss
bosonic part of EWCL.3 For ETC induced four fermion
interactions L4T, although in original Ref.[6], except
Hdiag, there other different kinds of interactions, such
as Hl¯tt¯b and Hl¯bb¯t, consider these non-diagonal interac-
tions will induce non-diagonal condensates which violate
the preferred requirement 〈U iLU jR〉 = 〈D
i
LD
j
R〉 ∝ δij for
i, j = l, t, b given in Ref.[6], we drop them in our calcula-
tion.
In Ref.[6], an operator effecting SU(3)1 ⊗ SU(3)2 ⊗
U(1)1⊗U(1)2 breaking to SU(3)C⊗U(1)Y is needed. We
introduce a 3× 3 matrix scalar field Φ to take the role of
this operator to break SU(3)1⊗SU(3)2⊗U(1)Y1⊗U(1)Y2
to SU(3)C ⊗ U(1)Y which leads massive colorons and
Z ′. This scalar field transforms as (3¯, 3, 56 ,− 56 ) under the
group SU(3)1 ⊗ SU(3)2 ⊗ U(1)Y1 ⊗ U(1)Y2 which leads
covariant derivative
DµΦ = ∂uΦ+ iΦ(h1
λA∗
2
AA1µ −
5
6
q1B1µ)
−i(h2λ
A
2
AA2µ −
5
6
q2B2µ)Φ ,
with h1 and h2 are the coupling constants of SU(3)1 ⊗
SU(3)2 and corresponding Lagrangian can be written as
LH = 1
2
tr[(DµΦ)
†(DµΦ)] + V (Φ) (6)
in which potential V (Φ) is assumed to cause vacuum con-
densate Φij = vδij and the leading effects can be ob-
tained by just replacing Φ with its vacuum expectation
value in (6),
LH Φ=v=== 1
4
g23
sin2θ cos2θ
BAµB
Aµ+
25
72
g21
sin2θ′ cos2θ′
Z ′µZ
′µ , (7)
where the SM U(1)Y field Bµ with generator Y = Y1+Y2
and the U(1)′ field Z ′µ (the gluon A
A
µ and coloron B
A
µ )
are defined by orthogonal rotations with mixing angle θ′
(θ):
(
B1µ B2µ
)
=
(
Z ′µ Bµ
)(
cos θ′ − sin θ′
sin θ′ cos θ′
)
, (8a)
(
AA1µ A
A
2µ
)
=
(
BAµ A
A
µ
)(
cos θ − sin θ
sin θ cos θ
)
, (8b)
with
g1 ≡ q1 sin θ′ = q2 cos θ′ g3 ≡ h1 sin θ = h2 cos θ . (9)
3 For top quark, its effect should be considered due to its large mass
comparable to symmetry breaking scale. There is an EFFIIETC
Ht¯t =
g2ETC
M2
ETC
t¯Lγ
µU tLU¯
t
RγµtR + h.c. responsible for top mass.
This interaction should be included in our calculation in principle
and if top quark has nonzero condensate, this interaction will
contribute to techniquark self energy. Since Ref.[6] treats this
term as a perturbation, we can ignore it at leading order of our
coefficients computations.
The coloron field BAµ does not couple to other fields ex-
cept to ordinary fermions at present order of approxima-
tion, so we can ignore their contributions to bosonic part
of EWCL. 4 i.e. we can take
Lbreaking = 1
2
M20Z
′
µZ
′µ M20 =
25
36
g21v
2
sin2θ′ cos2θ′
. (10)
With above preparations, the strategy to derive the
EWCL from Lane’s model can be formulated as
exp
(
iSEW[W
a
µ , Bµ]
)
(11)
=
∫
DT¯ lDT lDT¯ tDT tDT¯ bDT bDGαµDZ ′µ exp
[
i
×SSBS[Gαµ, 0, 0,W aµ, B1µ, B2µ, T¯ l, T l, T¯ t, T t, T¯ b, T b]
]
= N [W aµ , Bµ]
∫
Dµ(U) exp
(
iSeff [U,W
a
µ , Bµ]
)
, (12)
where AAµ related to A
A
1µ and A
A
2µ through (8b) is or-
dinary gluon field, U(x) is a dimensionless unitary uni-
modular matrix field in EWCL, and Dµ(U) denotes nor-
malized functional integration measure on U . The nor-
malization factor N [W aµ , Bµ] is determined through re-
quirement that when the TC and ETC interactions are
switched off, Seff [U,W
a
µ , Bµ] must vanishes. This leads
following electroweak gauge fields W aµ , Bµ dependent
N [W aµ , Bµ],
N [W aµ , Bµ] =
∫
DT¯ lDT lDT¯ tDT tDT¯ bDT bDGαµDZ ′µ
× eiSSBS
∣∣
ignore TC,ETC, AA
1µ
=AA
2µ
=0 . (13)
Since there are many steps in deriving EWCL, in follow-
ing several subsections, we discuss them separately.
A. Integrating in Goldstone Field U
In terms of Z ′ and B fields given by (8a), we can
rewrite techniquark interaction (3) as
Ltechniquark = ψ¯(i/∂ − gTCtα /Gα + /V + /Aγ5)ψ , (14)
where all three doublets techniquarks are arranged in one
by six matrix ψ = (U l, Dl, U t, Dt, U b, Db)T and
Vµ = (−1
2
g2
τa
2
W aµ −
1
2
g1
τ3
2
Bµ)⊗ I+ ZV µ , (15)
Aµ = (
1
2
g2
τa
2
W aµ −
1
2
g1
τ3
2
Bµ)⊗ I+ ZAµ , (16)
4 One can consider higher order corrections by including in (7)
the quantum fluctuation effects of field Φ. Since these effects
depend on detail of symmetry breaking mechanism which is not
specified in Ref.[6], in order not to deviate original Lane’s model
too much, we ignore them in present paper.
3
with I = diag(1, 1, 1), ZV µ = diag(Z
l
V µ, Z
t
V µ, Z
b
V µ),
ZAµ = diag(Z
l
Aµ, Z
t
Aµ, Z
b
Aµ) and
Z lV µ =
1
4
g1 tan θ
′Z ′µτ
3 , (17)
ZtV µ = g1Z
′
µ[
3
4
cot θ′ + (
3
4
+
1
4
τ3) tan θ′] ,
ZbV µ = g1Z
′
µ[−
3
4
cot θ′ − (3
4
− 1
4
τ3) tan θ′] ,
Z lAµ =
1
4
g1 tan θ
′Z ′µτ
3 , (18)
ZtAµ = g1Z
′
µ[−
1
4
cot θ′ + (−1
4
+
1
4
τ3) tan θ′] ,
ZbAµ = g1Z
′
µ[
1
4
cot θ′ + (
1
4
+
1
4
τ3) tan θ′] .
The Lagrangian (1) is locally SU(2)L × U(1)Y invari-
ant and approximately globally SU(6)L × SU(6)R in-
variant. We introduce a local 2 × 2 operator O(x) as
O(x) ≡ trlc[T lL(x)T¯ lR(x) + T tL(x)T¯ tR(x) + T bL(x)T¯ bR(x)]
with trlc is the trace with respect to Lorentz and TC in-
dices. The transformation of O(x) under SU(2)L×U(1)Y
is O(x) → VL(x)O(x)V †R(x) ( with VL = ei
τa
2
θa and
VR = e
i τ
3
2
θ0). Then we decompose O(x) as O(x) =
ξ†L(x)σ(x)ξR(x) with the σ(x) represented by a hermi-
tian matrix describes the modular degree of freedom;
while ξL(x) and ξR(x) are represented by unitary ma-
trices describe the phase degree of freedom of SU(2)L
and U(1)Y respectively. Now we define a new field U(x)
as U(x) ≡ ξ†L(x)ξR(x) which is the nonlinear realization
of the goldstone boson field in EWCL. Subtracting the
σ(x) field, we find that the present decomposition results
in a constraint ξL(x)O(x)ξ
†
R(x) − ξR(x)O†(x)ξ†L(x) = 0,
the functional expression of it is∫
Dµ(U)F [O]δ(ξLOξ†R − ξRO†ξ†L) = const. , (19)
where Dµ(U) is an effective invariant integration mea-
sure; F [O] only depends on O. Substituting identity (19)
into (12), we obtain∫
DGαµDψ¯DψDZ ′µ exp
(
iSSBS
∣∣
AA1µ=A
A
2µ=0
)
=
∫
Dµ(U)DZ ′µ exp
(
iSZ′ [U,W
a
µ , Bµ, Z
′
µ]
)
, (20)
where Dψ¯Dψ is the shorthand notation for
DT¯ lDT lDT¯ tDT tDT¯ bDT b and
SZ′ [U,W
a
µ , Bµ, Z
′
µ] (21)
=
∫
d4x (−1
4
W aµνW
a,µν − 1
4
BµνB
µν − 1
4
Z ′µνZ
′µν
+
1
2
M20Z
′
µZ
′µ)− i log
∫
DGαµDψ¯DψF [O]
×δ(ξLOξ†R − ξRO†ξ†L) exp
{
i
∫
d4x[−1
4
FαµνF
α,µν
+ψ¯(i/∂ − gTCtα /Gα + /V + /Aγ5)ψ + L4T ]
}
.
From (12), Seff relates to SZ′ by
N [W aµ , Bµ]eiSeff [U,W
a
µ ,Bµ] =
∫
DZ ′µeiSZ′ [U,W
a
µ ,Bµ,Z
′
µ] (22)
To match the correct normalization, we introduce in the
argument of logarithm function the normalization factor∫ Dψ¯Dψei R d4xψ¯(i/∂+/V+ /Aγ5)ψ = expTr log(i/∂ + /V + /Aγ5)
and then take a special SU(2)L × U(1)Y rotation, as
VL(x) = ξL(x) and VR(x) = ξR(x), on both numerator
and denominator of the normalization factor
SZ′ [U,W
a
µ , Bµ, Z
′
µ]
=
∫
d4x (−1
4
W aµνW
a,µν − 1
4
BµνB
µν − 1
4
Z ′µνZ
′µν
+
1
2
M20Z
′
µZ
′µ)− iTr log(i/∂ + /V + /Aγ5)
−i log
∫ DGαµDψ¯ξDψξ F [Oξ]δ(Oξ −O†ξ)eiS′∫ Dψ¯ξDψξeiS′
∣∣
ignore TC,ETC
(23)
S′ =
∫
d4x [−1
4
FαµνF
α,µν + ψ¯ξ(i/∂ − gTCtα /Gα
+ /V ξ + /Aξγ
5)ψξ + Lξ4T ] , (24)
where the rotated fields are denoted by subscript ξ and
they are defined as follows
T iξ = PLξL(x)T
i
L(x) + PRξR(x)T
i
R(x) , i = l, t, b
Oξ(x) ≡ ξL(x)O(x)ξ†R(x) Z ′ξ,µ(x) ≡ Z ′µ(x) , (25)
g2
τa
2
W aξ,µ(x) ≡ ξL(x)[g2
τa
2
W aµ (x) − i∂µ]ξ†L(x) (26)
g1
τ3
2
Bξ,µ(x) ≡ ξR(x)[g1 τ
3
2
Bµ(x) − i∂µ]ξ†R(x) . (27)
and Lξ4T is L4T with TC fields replaced with rotated
ones. It can be shown that
Lξ4T = L4T . (28)
Action (23) can be further decomposed as
SZ′ [U,W
a
µ , Bµ, Z
′
µ]
=
∫
d4x (−1
4
W aµνW
a,µν − 1
4
BµνB
µν − 1
4
Z ′µνZ
′µν
+
1
2
M20Z
′
µZ
′µ) + Snorm[U,W
a
µ , Bµ, Z
′
µ]
+Sanom[U,W
a
µ , Bµ, Z
′
µ] , (29)
where
Snorm[U,W
a
µ , Bµ]
= −i log
∫
DGαµDψ¯ξDψξ F [Oξ]δ(Oξ −O†ξ) eiS
′
, (30)
4
and
iSanom[U,W
a
µ , Bµ, Z
′
µ]
= Tr log(i/∂ + /V + /Aγ5)− Tr log(i/∂ + /V ξ + /Aξγ5) .(31)
The transformations of the rotated fields under SU(2)L×
U(1)Y are ψξ(x)→ h(x)ψξ(x), Oξ(x)→ h(x)Oξ(x)h†(x)
with h(x) describes a hidden local U(1) symmetry. Thus,
the chiral symmetry SU(2)L ⊗ U(1)Y covariance of the
unrotated fields has been transferred totally to the hid-
den symmetry U(1) covariance of the rotated fields.
B. Integrating out techinigluons and techniquarks
With technique developed in Ref.[4], the integration
over technigulon fields in Eq.(30) can be formally inte-
grated out with help of full n-point Green’s function of
the Gαµ-field G
α1...αn
µ1...µn ,
eiSnorm[U,W
a
µ ,Bµ,Z
′
µ]
=
∫
Dψ¯ξDψξ F [Oξ]δ(Oξ −O†ξ) exp
{
i
∫
d4x[ψ¯ξ(i/∂ +
/V ξ + /Aξγ
5)ψξ + Lξ4T ] +
∞∑
n=2
∫
d4x1 . . . d
4xn
(−igTC)n
n!
×Gα1...αnµ1...µn (x1, . . . , xn)Jµ1ξ,α1(x1) . . . Jµnξ,αn(xn)
}
, (32)
where effective source Jαµξ (x) is identified as J
αµ
ξ (x) ≡
ψ¯ξ(x)t
αγµψξ(x).
1. Schwinger-Dyson Equation for Techniquark Propagator
To show that the TC interaction indeed induces the
condensate 〈ψ¯ψ〉 6= 0 which triggers EWSB, we explic-
itly calculate the behavior of techniquark propagator
Sσρ(x, x′) ≡ 〈ψσξ (x)ψ¯ρξ (x′)〉 in the following. Neglecting
the factor F [Oξ]δ(Oξ − O†ξ), the total functional deriva-
tive of the integrand with respect to ψ¯σξ (x) is zero,
0 =
∫
Dψ¯ξDψξ δ
δψ¯σξ (x)
exp
[ ∫
d4x(ψ¯ξI + I¯ψξ) + i
∫
d4x[
ψ¯ξ(i/∂ + /V ξ + /Aξγ
5)ψξ + Lξ4T ] +
∞∑
n=2
∫
d4x1 . . . d
4xn
(−igTC)n
n!
Gα1...αnµ1...µn (x1, . . . , xn)J
µ1
ξ,α1
(x1) . . . J
µn
ξ,αn
(xn)
]
,
where I(x) and I¯(x) are the external sources for tech-
niquark fields, respectively, ψ¯ξ(x) and ψξ(x); and which
leads to SDE for techniquark propagator,
SX(x, y) = 〈X(x)X¯(y)〉 X = U lξ, Dlξ, U tξ , Dtξ, U bξ , Dbξ . (33)
The detail derivation procedure is similar as that in
Ref.[4]. The only difference is that now we have EF-
FIIETC in the theory. The final obtained SDE is
iΣX(x, y) = C2(N)g
2
TCGµν(x, y)[γ
µSX(x, y)γ
ν ] (34)
−iCXγµ[PLSX(x, x)PL + PRSX(x, x)PR]γµδ(x− y) ,
with techniquark self energy defined as
iΣX(x, y) (35)
≡ S−1X (x, y) + i[i/∂x + /V ξ(x) + /Aξ(x)γ5]δ(x− y) ,
and technigluon propagator Gαβµν (x, y) = δ
αβGµν(x, y).
C2(N) = (N
2 − 1)/(2N) is Casimir operator from
(tαtα)ab = C2(N)δab for the fundamental representation
of TC group SU(N). Further CX is effective ETC in-
duced four fermion coupling which is
CUl
ξ
= CUt
ξ
= CUb
ξ
=
g2ETC
M2ETC
bU (36)
CDl
ξ
= CDt
ξ
= CDb
ξ
=
g2ETC
M2ETC
bD .
In the following, we first consider the case of Vξ,µ =
Aξ,µ = 0. In this situation, the technigluon propagator
in Landau gauge is Gαβµν (x, y) =
∫ d4p
(2pi)4 e
−ip(x−y)Gµν(p
2)
with Gµν(p
2) = i
−p2[1+Π(−p2)] (gµν − pµpν/p2). And the
techniquark self energy and propagator are respectively(
ΣX(x, y)
SX(x, y)
)
=
∫
d4p
(2pi)4
e−ip(x−y) ×
(
ΣX(−p2)
SX(−p2)
)
, (37)
with SX(p) = i/[/p − ΣX(−p2)]. Substitute above re-
sults into the SDE and parameterize the technigluon
propagator as αTC[(pE − qE)2] ≡ g2TC/(4pi[1 + Π(p2E)])
for Euclidean momentum pE , qE , we obtain following
integration equation which with angular approximation
αTC[(pE − qE)2] = αTC(p2E)θ(p2E − q2E)+αTC(q2E)θ(q2E −
p2E), can be further reduced to differential equation,
iΣX(−p2) = 4
∫
d4q
(2pi)4
{
3piC2(N)αTC[−(p− q)2]
(p− q)2 + CX
}
×
[
ΣX(−q2)
q2 − Σ2X(−q2)
]
. (38)
Once above equation presents nonzero solution, we ob-
tain nontrivial techniquark condensate
〈X¯(x)X ′(x)〉 = −4NδXX′
∫
d4pE
(2pi)4
ΣX(p
2
E)
p2E +Σ
2
X(p
2
E)
, (39)
which breaks SU(2)L ⊗ U(1)1 ⊗ U(1)2 to subgroup
U(1)em.
To obtain the numerical solution of equation (38), we
take the running constant αTC(p
2) the same as that used
in Eq.(49) of Ref.[4] for which there are four input pa-
rameters: N, Nf , ΛTC and b. N as TC number is a free
5
FIG. 1: Techniquark self energy Σ(p2E). ΛTC is in unit
of GeV and is fixed by f = 250GeV.
10−4 10−3 10−2 10−1 100 101 102
0
0.5
1
1.5
2
2.5
3
pE/ΛTC
Σ(p
E2 )/
Λ T
C
 
 
N=3,ΛTC=420,b=−3.33×10
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parameter, we take four different values N = 3, 4, 5, 6
estimating its effects; Nf = 6 is due to three doublets
of techniquarks; The scale of TC interaction ΛTC will
be fixed from f = 250GeV determined in later in (70);
b ≡ CΛ2TC will be discussed later with C introduced in
(36) as coefficients of EFFIIETC. We take the physi-
cal cutoff of the equation to be the scale of ETC and
Λ = ΛETC = 100ΛTC. The result Σ(p
2
E) is depicted in
Fig.1 in which dashed lines are for positive b and differ-
ent Ns; while solid lines are for different negative bs and
N = 3. From which, we find
1. For N=3 and positive b, EFFIIETC infects Σ(p2E)
very little except to its large momentum tail. We
have changed coupling b by enlarging its magni-
tude 100 times, the general form of Σ(p2E) almost
do not change. For N = 3 and negative b, above
b = −0.00300 the change in Σ(p2E) is small, be-
low b = −0.00300, we see the explicit change of
Σ(p2E) which at large momentum region exhibits
typical slowly damping asymptotic behavior due
to existence of four fermion coupling. To check
the validity of the phenomena, we have changed
differential equation to original integration equa-
tion for SDE with and without angular approxi-
mation αTC[(pE − qE)2] = αTC(p2E)θ(p2E − q2E) +
αTC(q
2
E)θ(q
2
E − p2E) and increased the cutoff of the
theory, all obtain the similar result. ForN = 4, 5, 6,
we can find similar phenomena as the case of N = 3
which are not written down here, since later we will
show that present model prefers smallerN and then
the final result of our calculation will be only lim-
ited in the case of N = 3.
2. For large momentum tail of Σ(p2E), we find that
if positive b is larger than some critical value,
Σ(p2E) will be negative as momentum becoming
FIG. 2: The tail of techniquark self energy Σ(p2E)
exhibits ETC effects.
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large which indicates the possible oscillation. These
values are bN=3 = 2.45 × 10−4, bN=4 = 2.26 ×
10−4, bN=5 = 2.15 × 10−4, bN=6 = 2.08 × 10−4.
Considering that b ∝ Λ2TC/Λ2ETC must be very
small, we take b = 2.08 × 10−4 as a typical value
of our computation. To exhibite the difference of
tail for different b, we draw diagrams of Σ(p2E) with
b = 2.08 × 10−4 and b = 0 together in Fig.2. We
find that the differences show up only in the tail of
self energy at momentum beyond 50ΛTC and bel-
low that limit, there is almost no difference. We
further find that for fixed f = 250GeV, from later
result of (70), both b = 0 and b = 2.08×10−4 cases
all lead almost the same ΛTC.
If we further take bU = bD, ΣX equals for each techni-
flavor and we can neglect subscript X . Then with tech-
nique developed in Ref.[4], we can show that if the func-
tion Σ(∂2x)δ(x− y) is the solution of the SDE in the case
Vξ,µ = Aξ,µ = 0, we can replace its argument ∂x by the
minimal-coupling covariant derivative ∇x ≡ ∂x − iVξ(x)
and use it, i.e., Σ(∇2x)δ(x − y), as an approximate solu-
tion of the SDE in the case Vξ,µ 6= 0 and Aξ,µ 6= 0.
2. Effective Action
Starting from (32), the exponential multi-fermion
terms on the right-hand side of equation can be written
explicitly as
∞∑
n=2
∫
d4x1 . . . d
4xn
(−igTC)n
n!
Gα1...αnµ1...µn (x1, . . . , xn)J
µ1
ξ,α1
(x1)
. . . Jµnξ,αn(xn)≈
∫
d4xd4x′ψ¯σξ (x)Πσρ(x, x
′)ψρξ (x
′), (40)
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Πσρ(x, x
′) =
∞∑
n=2
Π(n)σρ (x, x
′) ≈ Π2σρ(x, x′) , (41)
Π(2)σρ (x, x
′)=−g2TCGα1α2µ1µ2 (x, x′)
[
tα1γ
µ1S(x, x′)tα2γ
µ2
]
σρ
,(42)
where we have taken the approximation of replacing the
summation over 2n-fermion interactions with parts of
them by their vacuum expectation values (VEVs) and
only keeping the leading four fermion interactions. For
Lξ4T term in (32), we use the same approximation given
above. Combining with result (34) and neglecting the
factor F [Oξ]δ(Oξ −O†ξ) in Eq.(32), we obtain
Snorm[U,W
a
µ , Bµ]
≈ −i log
∫
Dψ¯ξDψξ exp
[
i
∫
d4xψ¯ξ(i/∂ + /V ξ + /Aξγ
5)ψξ
−i
∫
d4xd4x′ ψ¯σξ (x)Σσρ(x, x
′)ψρξ (x
′)
]
≈ −iTr log[i/∂ + /V ξ + /Aξγ5 − Σ(∇2)] , (43)
where Σ(∇2) in techniflavor space is block diagonal. No-
tice that the arguments of Tr log are block diagonal which
enable us to compute them block by blocks,
Snorm[U,W
a
µ , Bµ]
=
3∑
η=1
−iTr log[i/∂ + /vη + /aηγ5 − Σ(∇η,2)]
=
3∑
η=1
∫
d4x trf
[
(F 1D0 )
2aη2 −K1D1 (dµaηµ)2
−K1D2 (dµaην − dνaηµ)2 +K1D3 (aη2)2 +K1D4 (aηµaην)2
−K1D13 V ηµνV ηµν + iK1D14 aηµaηνV ηµν
]
+O(p6) , (44)
for which ∇ηµ ≡ ∂µ − ivηξ and from (15) to (18) and (25)
to (27),
vηµ = −
1
2
g2
τa
2
W aξ,µ −
1
2
g1
τ3
2
Bξ,µ + Z
η
V µ , (45)
aηµ =
1
2
g2
τa
2
W aξ,µ −
1
2
g1
τ3
2
Bξ,µ + Z
η
Aµ η = l, t, b ,
where dηa
η
ν ≡ ∂µaην− i[vηµ, aην ], V ηµν ≡ i[∂µ− ivηµ, ∂ν− ivην ].
F 1D0 and K1Di coefficients with superscript 1D to denote
that they are from one doublet TC model discussed in
Ref.[4] which are functions of techniquark self energy
Σ(p2) and detailed expressions of them are already given
in (36) of Ref.[9] with the replacement of Nc → N .
For anomaly part, U field dependent part can be pro-
duced by normal part with vanishing techniquark self
energy Σ, i.e.
iSanom[U,W
a
µ , Bµ] (46)
= Tr log(i/∂ + /V + /Aγ5)− iSnorm[U,W aµ , Bµ]|Σ=0 .
Notice that pure gauge field part independent of U field is
irrelevant to EWCL. Combined with (44), above relation
imply
iSanom[U,W
a
µ , Bµ]
= Tr log(i/∂+ /V + /Aγ5)+i
3∑
η=1
∫
d4xtrf
[
−K1D,(anom)1 (dµaηµ)2
−K1D,(anom)2 (dµaην − dνaηµ)2 +K1D,(anom)3 (aη2)2
+K1D,(anom)4 (aηµaην)2 −K1D,(anom)13 V ηµνV ηµν
+iK1D,(anom)14 aηµaηνV ηµν
]
+O(p6) , (47)
with
K1D,(anom)i = −K1Di |Σ=0 i = 1, 2, 3, 4, 13, 14 (48)
where we have used result that F 1D0 |Σ=0 = 0. Combining
normal and anomaly part contributions together, with
help of (29), we finally find
SZ′ [U,W
a
µ , Bµ, Z
′
µ]
=
∫
d4x(−1
4
W aµνW
a,µν − 1
4
BµνB
µν − 1
4
Z ′µνZ
′µν
+
1
2
M20Z
′
µZ
′µ)− iTr log(i/∂ + /V + /Aγ5) +
3∑
η=1
∫
d4x trf
[
(F 1D0 )
2aη2 −K1D,Σ6=01 (dµaηµ)2 −K1D,Σ6=02 (dµaην − dνaηµ)2
+K1D,Σ6=03 (aη2)2 +K1D,Σ6=04 (aηµaην)2 −K1D,Σ6=013 V ηµνV ηµν
+iK1D,Σ6=014 aηµaηνV ηµν
]
+O(p6) . (49)
With help of (45) and (25) to (27), above result can be
further simplified to the form (A4) in which explicitly U
field dependence is displayed.
C. Integrating out out Z′
We can further decompose (A4) into
SZ′ [U,W
a
µ , Bµ, Z
′
µ]
= S˜Z′ [U,W
a
µ , Bµ, Z
′
µ] + SZ′ [U,W
a
µ , Bµ, 0] , (50)
where S˜Z′ [U,W
a
µ , Bµ, Z
′
µ] is Z
′ dependent part of
Seff [U,W
a
µ , Bµ, Z
′
µ]. We find Z
′ independent part
SZ′ [U,W
a
µ , Bµ, 0] is just the same as that of one-doublet
TC model given in Ref.[4], the only difference is that now
there is an extra overall factor 3 multiplied in front of all
terms. The source of this factor comes from the fact that
in present model, instead of one doublet, we have three
techniquark doublets. So Switching off effects from Z ′
particle, contributions of present TC2 model to bosonic
part of EWCL are equivalent to those of three-doublets
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TC model. In S˜Z′ [U,W
a
µ , Bµ, Z
′
µ], in order to normalize
Z ′ field correctly, we introduce normalized field Z ′R,µ as
Z ′µ =
1
cZ′
Z ′R,µ
c2Z′ = 1 + g
2
1 [3K tan2 θ′ + 10K(tan θ′ + cot θ′)2 (51)
+K1D,Σ6=02 (tan θ′ + cot θ′)2 +
3
2
K1D,Σ6=02 tan2 θ′
+
9
2
K1D,Σ6=013 (tan θ′ + cot θ′)2 +
3
2
K1D,Σ6=013 tan2 θ′] ,
in terms of normalized field Z ′R,µ, S˜Z′ [U,W
a
µ , Bµ, Z
′
µ] be-
come
S˜Z′ [U,W
a
µ , Bµ, Z
′
µ] =
∫
d4x [
1
2
Z ′R,µD
−1,µν
Z Z
′
R,ν (52)
+Z ′,µR JZ,µ + Z
2
RZ
′
R,µJ
µ
3Z + g4Z
g41
c4Z′
Z ′,4R ]
with
D−1,µνZ = g
µν(∂2 +M2Z′)− (1 + λZ)∂µ∂ν +∆µνZ (X) , (53)
M2Z′ =
1
c2Z′
{M20 +
1
2
(F 1D0 )
2g21(cot θ
′ + tan θ′)2
+
3
4
(F 1D0 )
2g21 tan
2 θ′} , (54)
λZ =
g21
c2Z′
[−1
2
(tan θ′ + cot θ′)2 − 3
4
tan2 θ′]K1D,Σ6=01 , (55)
∆µνZ (X) =
1
c2Z′
{(−3
4
K1D,Σ6=01 −
3
16
K1D,Σ6=03 +
3
8
K1D,Σ6=013
− 3
16
K1D,Σ6=014 )g21 tan2 θ′tr[Xµτ3]tr[Xντ3]
+[
3
2
K1D,Σ6=01 tan2 θ′ −
1
4
(cot θ′ + tan θ′)2K1D,Σ6=03
−1
4
(cot θ′ + tan θ′)2K1D,Σ6=04 −
3
8
K1D,Σ6=04 tan2 θ′
−3
4
K1D,Σ6=013 tan2 θ′ +
3
8
K1D,Σ6=014 tan2 θ′]g21tr[XµXν]
+gµν [(−1
8
(cot θ′ + tan θ′)2 − 3
16
tan2 θ′)K1D,Σ6=03
+
3
16
tan2 θ′K1D,Σ6=04 −
1
8
(cot θ′ + tan θ′)2K1D,Σ6=04
+
3
4
tan2 θ′K1D,Σ6=013 −
3
8
tan2 θ′K1D,Σ6=014 ]g21tr[XkXk]
+gµν [− 3
16
K1D,Σ6=04 −
3
8
K1D,Σ6=013 +
3
16
K1D,Σ6=014 )]
×g21 tan2 θ′tr[Xkτ3]tr[Xkτ3]} , (56)
JµZ = J
µ
Z0 +
g21γ
cZ′
∂νBµν + J˜
µ
Z , (57)
JZ0µ = − 3
4cZ′
i(F 1D0 )
2g1 tan θ
′tr[Xµτ
3] , (58)
γ = 3K tan θ′ + (3
2
K1D,Σ6=02 +
3
2
K1D,Σ6=013 ) tan θ′ , (59)
J˜µZ =
1
cZ′
{
3
4
ig1 tan θ
′K1D,Σ6=01 {tr[U †(DνDνU)U †DµUτ3]
− tan θ′tr[U †(DνDνU)τ3U †DµU + ∂µ(U †DνDνUτ3)]}
+
3
2
(−K1D,Σ6=02 +K1D,Σ6=013 )g1 tan θ′∂νtr[W
µν
τ3]
+
3i
4
(
1
4
K1D,Σ6=03 −
1
4
K1D,Σ6=04 −K1D,Σ6=013 +
1
2
K1D,Σ6=014 )
×g1 tan θ′tr[XνXν ]tr[Xµτ3] + 3i
4
(
1
2
K1D,Σ6=04
+K1D,Σ6=013 −
1
2
K1D,Σ6=014 )g1 tan θ′tr[XµXν ]tr[Xντ3]
+
3
4
(−K1D,Σ6=013 +
1
4
K1D,Σ6=014 )g1 tan θ′tr[W
µν
(Xντ
3 − τ3Xν)]
+
3
2
i(K1D,Σ6=013 −
1
4
K1D,Σ6=014 )g1 tan θ′∂νtr[XµXντ3]
}
,(60)
g4Z = (K1D,Σ6=03 +K1D,Σ6=04 )[
3
128
tan4 θ′ (61)
+
3
32
tan2 θ′(cot θ′ + tan θ′)2 +
1
64
(cot θ′ + tan θ′)4] ,
Jµ3Z =
−i
c3Z′
(K1D,Σ6=03 +K1D,Σ6=04 )g31 [
3
32
tan3 θ′
+
3
16
(cot θ′ + tan θ′)2 tan θ′]tr[Xµτ3] . (62)
Perform loop expansion to (22), the result of Z ′ field
integration is
Seff [U,W
a
µ , Bµ]− i logN [W aµ , Bµ]
= S˜Z′ [Z
′
c, U,W
a, B] + loop terms , (63)
with classical field Z ′c satisfy
∂
∂Z ′c,µ(x)
[
S˜Z′ [Z
′
c, U,W
a, B] + loop terms
]
= 0 , (64)
and
− i logN [W aµ , Bµ] =
[
S˜Z′ [Z
′
c, U,W
a, B] + loop terms
]
Σ=0
,(65)
which is obtained from (13) and the fact that when we
switch off TC and ETC interactions, techniquark self en-
ergy vanishes. With (52), the solution is
Z ′µc (x) = −DµνZ JZ,ν(x) +O(p3) + loop terms . (66)
Then
Seff [U,W
a
µ , Bµ]− i logN [W aµ , Bµ]
=
∫
d4x [−1
2
JZ,µD
µν
Z JZ,ν − J3Z,µ′ (Dµ
′ν′
Z JZ,ν′)(D
µν
Z JZ,ν)
2
+g4Z
g41
cZ′
(DµνZ JZ,ν)
4] + loop terms , (67)
where D−1,µνZ DZ,νλ = D
µν
Z D
−1
Z,νλ = g
µ
λ and it is not dif-
ficult to show that if we are accurate up to order of p4,
then order p of Z ′c solution is enough, all contributions
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from order p3 of Z ′c are at least belong to order of p
6.
With help of (67), (53) and (57)
Seff [U,W
a
µ , Bµ]− i logN [W aµ , Bµ]
=
∫
d4x [−1
2
JZ0,µD
µν
Z JZ0,ν −
1
M2Z′
JZ0,µ(J˜
µ
Z +
g21γ
cZ′
∂νB
µν)
− 1
M6Z′
J3Z,µJ
µ
Z0J
2
Z0 +
g4Zg
4
1
c4Z′M
8
Z′
J4Z0] . (68)
Ignoring terms higher than order of p4, we find
Seff [U,W
a
µ , Bµ] has exact form of standard EWCL up
to order of p4. We can then read out the corresponding
coefficients, the result will be given in next subsection.
The normalization factor now is
−i logN [W aµ , Bµ] =
∫
d4x [−(1
4
+
3
4
Kg22 +
3
8
K1D,Σ6=02 g22
+
3
8
K1D,Σ6=013 g22)W aµνW a,µν − (
1
4
+
3
4
Kg21
+
3
8
K1D,Σ6=02 g21 +
3
8
K1D,Σ6=013 g21 +
3(F 1D0 )
2
8M2Z′
β1g
2
1
+β1g
2
1 cot θ
′γ)BµνB
µν ] . (69)
D. Coefficients of EWCL
From Seff [U,W
a
µ , Bµ] obtained in last subsection, we
can read out coefficients of EWCL. The p2 order coeffi-
cients are
f2 = 3(F 1D0 )
2 β1 =
3(F 1D0 )
2g21 tan
2 θ′
8c2Z′M
2
Z′
. (70)
Combining with (10), (54) and T parameter αT = 2β1
given in Ref.[2], we further obtain
β1 =
1
2
αT =
12
(200v
2
3f2 + 16)(1 + cot
2 θ′)2 + 24
, (71)
then T is positive and uniquely determined by θ′ and
v/f . It is bounded above and the upper limit is 3/(5 +
25v2/3f2)α ≤ 9/(40α), since we know v ≥ f . In follow-
ing numerical computations, for simplicity, we all take
v = f . p4 order coefficients are
α1 = 3(1− 2β1)L1D10 +
3(F 1D0 )
2
2M2Z′
β1 − 2γβ1 cot θ′ ,
α2 = −3
2
(1− 2β1)L1D9 +
3(F 1D0 )
2
2M2Z′
β1 − 2γβ1 cot θ′ ,
α3 = −3
2
(1− 2β1)L1D9 ,
α4 = 3L
1D
2 + 6β1L
1D
9 +
3(F 1D0 )
2
2M2Z′
β1 ,
α5 = 3L
1D
1 +
3
2
L1D3 −
3(F 1D0 )
2
2M2Z′
β1 − 6β1L9 ,
α6 = −3(F
1D
0 )
2
2M2Z′
β1 − 6β1(4L1D1 + L1D9 )
+β21 [(1 + cot
2 θ′)2(48L1D1 + 8L
1D
3 ) + 24L
1D
1 ] ,
α7 =
3(F 1D0 )
2
2M2Z′
β1 − 2β1(3L1D3 + 6L1D1 − 3L1D9 ) + β21 [(1
+ cot2 θ′)2(24L1D1 + 4L
1D
3 ) + 6 tan θ
′(L1D3 + 2L
1D
1 )] ,
α8 = −3(F
1D
0 )
2
2M2Z′
β1 + 12β1L
1D
10 , (72)
α9 = −3(F
1D
0 )
2
2M2Z′
β1 + 6β1(L
1D
10 − L1D9 ) ,
α10 = 4β
2
1(18L
1D
1 + 3L
1D
3 ) + 32β
4
1g4Z cot
4 θ′
−β31(144L1D1 + 24L1D3 )[1 + 2(1 + cot2 θ′)2] ,
α11 = α12 = α13 = α14 = 0 ,
where Li relate to K1D,Σ6=0i coefficients through
K1D,Σ6=02 = L1D10 − 2H1D1 ,
K1D,Σ6=03 = 64L1D1 + 16L1D3 + 8L1D9 + 2L1D10 + 4H1D1 ,
K1D,Σ6=04 = 32L1D1 − 8L1D9 − 2L1D10 − 4H1D1 ,
K1D,Σ6=013 = −L1D10 − 2H1D1 ,
K1D,Σ6=014 = −4L1D10 − 8L1D9 − 8H1D1 . (73)
Several features of this result are:
1. The contributions to p4 order coefficients are di-
vided into two parts: a three doublets TC model
contribution (equals to three times of one doublet
TC model discussed in Ref.[4]) and Z ′ contribution.
2. All corrections from Z ′ particle are at least propor-
tional to β1 which vanish if the mixing disappear
by θ′ = 0.
3. Since L1D10 < 0, combining with positive β1, (72)
then tells us α8 is negative. Then U = −16piα8 co-
efficient given in Ref.[2] is always positive in present
model.
4. α1 and α2 depend on γ which from (59) further rely
on an extra parameterK. We can combine (70) and
(51) together to fix K,
(F 1D0 )
2g21 tan
2 θ′
8β1M2Z′
(74)
=
1
3
+ g21[K tan2 θ′ +
10
3
K(tan θ′ + cot θ′)2
+
1
3
K1D,Σ6=02 (tan θ′ + cot θ′)2 +
1
2
K1D,Σ6=02 tan2 θ′
+
3
2
K1D,Σ6=013 (tan θ′ + cot θ′)2 +
1
2
K1D,Σ6=013 tan2 θ′] .
Once K is fixed, with help of (A5), we can deter-
mine the ratio of infrared cutoff κ and ultravio-
let cutoff Λ, in Fig.3, we draw the κ/Λ as func-
tion of T and MZ′ , we find natural criteria Λ > κ
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FIG. 3: The ratio of infrared cutoff and ultraviolet
cutoff κ/Λ as function of T parameter and Z ′
mass in unit of TeV.
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FIG. 4: Z ′ mass in unit of TeV as function of T
parameter and κ/Λ.
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offers stringent constraints on the allowed region
for T and MZ′ that present theory prefer small Z
′
mass (< 0.4TeV) and small TC group. For exam-
ple, T < 0.035 for MZ′ = 0.3TeV and N = 3,
T < 0.25 for MZ′ = 0.2TeV and N = 6, T < 0.74
for MZ′ = 0.2TeV and N = 3. In Fig.4, we draw
Z ′ mass as function of T parameter and κ/Λ. The
line of κ/Λ = 1 gives the upper bound of Z ′ mass
MZ′ < 0.4TeV, which is already beyond the exper-
iment limit given by Ref.[10, 11]. To check whether
this bound is reliable, we have changed coupling of
EFFIIETC by either enlarging its magnitude 100
times or reversing its sign, the results all almost do
not change. The special case of b = −3.33× 10−3
also has no effects here. To examine the reason
FIG. 5: S parameter for Lane’s natural TC2 model.
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that why present model cause smaller MZ′ than
that from Hill’s model, we consider the situation of
very tiny θ′ and κ/Λ, then the leading term in r.h.s.
of (74) is 103 g
2
1K cot2 θ′. Combining with Eq.(71),
we find that (74) in this extreme case gives MZ′ =
F0
√
31
120K ≃ f
√K/(2√3). while for Hill’s model,
we obtain result that MZ′ = F0
√K/2 = f√K/2.
So Z ′ mass is smaller than that in Hill’s model by a
factor 1/
√
3 due to identification of F0 with f/
√
3
now in (70) but with f in Hill’s model. Consider-
ing smaller TC group will allow relative larger Z ′
mass, in following discussions, we only limit us in
the case of N = 3.
5. For typical case with b = −3.33× 10−3, except co-
efficients F 1D0 and K1D1 which receive relative large
corrections from ETC interaction, all other K1Di co-
efficients only feel small ETC effects.
With f = 250GeV, then all EWCL coefficients depend
on two physical parameters β1 andMZ′ . Combined with
αT = 2β1, we can use the present experimental result
for the T parameter to fix β1. In Fig.5 and 6, we draw
graphs for the S = −16piα1 and U = −16piα8 in terms
of the T parameter respectively. We take three typi-
cal Z ′ masses MZ′ = 0.2, 0.3, 0.4TeV for references.
For S parameter, we find that all values of it are at
order of 1. This can be understood as that at region
of small T parameter, the main contribution to S pa-
rameter comes from the three doublets TC model which
results in positive S, roughly equals to −3L1D10 which
is three times larger than corresponding value in Hill’s
model due to existence of three doublets techniquarks.
We also find that large negative b will reduce the value of
S, but consider the value b = −0.00333 corresponding to
g2ETCbU = −0.00333Λ2ETC/Λ2TC is already large enough,
we do not expect more negative larger b will have any
physical meaning. For U parameter, we find it is posi-
10
FIG. 6: U parameter for Lane’s natural TC2 model.
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tive and below 0.2. Considering that the facts of small
MZ′ and relative large S are all not favored by present
precision measurements of SM, we just leave the analytic
formulae for other αi coefficients there and will not draw
diagrams for them further more.
III. DISCUSSION
In this paper, we generalize the calculation in Ref.[4]
for C.T.Hill’s schematic TC2 model to K.Lane’s proto-
type natural TC2 model. We find that, similar as Hill’s
model, coefficients of EWCL for the Lane’s model are
divided into direct TC and ETC interaction part, TC
and topcolor induced effective Z ′ particle contribution
part and ordinary quarks contribution part. The first
two parts are computed in this paper. We show that
the direct TC and ETC interaction part is three times
larger than corresponding part of Hill’s model due to
existence of three techniquark doublets , while effective
Z ′ contributions are different with Hill’s model due to
change of U(1)1 ⊗ U(1)2 group representation arrange-
ments and are at least proportional to the p2 order pa-
rameter β1 in EWCL. Typical features of the model are
that it only allows positive S, T and U parameters. S is
around 1 which is roughly three times larger than that in
original Hill’s model due to existence of three doublets
of techniquarks, and T parameter varies in the range
0 ∼ 9/(40α). Analytical expression (72) for five p4 order
coefficients including all three custodial symmetry con-
serve ones α3, α4, α5, α8, α9 exactly equal to three times
of those obtained from Hill’s model in Ref.[4]. The Z ′
mass is bounded from 0.4TeV and larger MZ′ prefers
smaller N . Compare to results obtained in Ref.[4] for
C.T.Hill’s TC2 model, the results from Lane’s first nat-
ural TC2 model deviate more from the experiment data.
This calls up for improvement of the model.
In fact, present model is only a prototype natural TC2
model. Many details of the model are even not speci-
fied in original paper [6] which prohibit us to perform
computation more accurately and leave us more space
to improve the dynamics. One typical non-specified ef-
fect is the walking dynamics. As metioned by K.Lane
that the TC of the model is expected to be a walking
gauge theory. This is of new feature different with con-
ventional gauge theory, and this walking is not explic-
itly realized in present prototype model, since techni-
quarks are in fundamental representation of TC group
and number of techniquarks is not large enough. An-
other unspecified detail is the SU(3)1 ⊗ SU(3)2 symme-
try breaking mechanism. It now is simulated without de-
tail dynamics content by introducing an effective scalar
field Φ which transforms as (3¯, 3, 56 ,− 56 ) under the group
SU(3)1 ⊗ SU(3)2 ⊗ U(1)Y1 ⊗ U(1)Y2 and corresponding
interaction potential V (Φ). Introducing scalar fields, al-
though now only is effective, deviates the basic idea of
TC models. All these shortcomings are overcome in late
improved model [8]. Considering that this new model
is much more complex and different than present one
which involves more of different dynamics and then re-
quires more analysis and computation techniques. For
example, the condensates of the techniquarks are block
diagonal in three doublets flavor space now but not in the
improved model (which is more like the case A solution
of the paper [6], while present paper we only discuss the
case B solution and ignore case A as mentioned in foot-
note 2). In order to make our discussion not too much
complex and specially exhibit the result for Lane’s first
natural TC2 model, in this paper, we only limit ourself
in the primary prototype model and focus our attention
on figuring out analytical expression for coefficients of
EWCL, estimating possible constrains to the model and
identifying the effects of ETC interactions, we leave the
discussion of that new improved model in future paper.
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APPENDIX A: NECESSARY FORMULAE FOR
EWCL
In this appendix, we list down the necessary formulae
needed in the text. With definition in which
DµU = ∂µU + ig2
τa
2
W aµU − ig1U
τ3
2
Bµ , (A1)
DµU
† = ∂µU
† − ig2U † τ
a
2
W aµ + ig1
τ3
2
BµU
† , (A2)
Xµ = U
†(DµU) Wµν = U
†g2
τa
2
W aµνU . (A3)
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we have
SZ′ [U,W
a
µ , Bµ, Z
′
µ]
=
∫
d4x
{
− 1
4
W aµνW
a,µν − 1
4
BµνB
µν − 1
4
Z ′µνZ
′µν +
1
2
M20Z
′
µZ
′µ −K [ 3
4
g21BµνB
µν − 3
2
g21 tan θ
′BµνZ
′µν
+
3
4
g21 tan
2 θ′Z ′µνZ
′µν +
5
2
g21(tan θ
′ + cot θ′)2Z ′µνZ
′µν +
3
4
g22W
a
µνW
aµν ] + (F 1D0 )
2{−3
4
tr[XµXµ]
+
1
4
g21(cot θ
′ + tan θ′)2Z ′2 +
3
8
g21 tan
2 θ′Z ′2 − i3
4
g1 tan θ
′Z ′µtr[Xµτ
3]} − K1D,Σ6=01 {−
3
4
tr[U †(DµDµU)U
†(DνDνU)
+2U †(DµDµU)(D
νU †)(DνU)]− 3
4
ig1 tan θ
′Z ′νtr[U †(DµDµU)U
†DνUτ
3] +
3
4
ig1 tan θ
′Z ′νtr[U †(DµDµU)τ
3U †DνU ]
−3
4
ig1 tan θ
′∂νZ
′νtr[U †(DµDµU)τ
3]}+ 3
8
(K1D,Σ6=01 +
1
4
K1D,Σ6=03 −
1
4
K1D,Σ6=04 −K1D,Σ6=013 +
1
2
K1D,Σ6=014 )
×[tr(XµXµ)]2 − 3
8
(K1D,Σ6=01 +
1
4
K1D,Σ6=03 −
1
2
K1D,Σ6=013 +
1
4
K1D,Σ6=014 )g21 tan2 θ′Z ′µZ ′νtr[Xµτ3]tr[Xντ3]
+
1
8
[6K1D,Σ6=01 tan2 θ′ − (cot θ′ + tan θ′)2K1D,Σ6=03 − (cot θ′ + tan θ′)2K1D,Σ6=04 −
3
2
K1D,Σ6=04 tan2 θ′
−3K1D,Σ6=013 tan2 θ′ +
3
2
K1D,Σ6=014 tan2 θ′]g21Z ′µZ ′νtr[XµXν ] + [−
1
4
(tan θ′ + cot θ′)2 − 3
8
tan2 θ′]K1D,Σ6=01 g21(∂µZ ′µ)2
−3
8
(K1D,Σ6=02 +K1D,Σ6=013 )(g22WµνaWµνa + g21BµνBµν) +
3
4
(K1D,Σ6=02 −K1D,Σ6=013 )g1tr[W
µν
τ3](Bµν − tan θ′Z ′µν)
+
3
4
(K1D,Σ6=02 +K1D,Σ6=013 ) tan θ′g21Z ′µνBµν −
1
4
[K1D,Σ6=02 (tan θ′ + cot θ′)2 +
3
2
K1D,Σ6=02 tan2 θ′
+9K1D,Σ6=013 (tan θ′ + cot θ′)2 +
3
2
K1D,Σ6=013 tan2 θ′]g21Z ′µνZ ′µν +
3i
4
(
1
4
K1D,Σ6=03 −
1
4
K1D,Σ6=04 −K1D,Σ6=013
+
1
2
K1D,Σ6=014 )g1 tan θ′Z ′νtr[XµXµ]tr[Xντ3] +
1
8
[−1
2
(cot θ′ + tan θ′)2K1D,Σ6=03 −
3
4
tan2 θ′K1D,Σ6=03
+
3
4
tan2 θ′K1D,Σ6=04 −
1
2
(cot θ′ + tan θ′)2K1D,Σ6=04 + 3 tan2 θ′K1D,Σ6=013 −
3
2
tan2 θ′K1D,Σ6=014 ]g21Z ′2tr[XµXµ]
− 3
16
(K1D,Σ6=03 + K1D,Σ6=04 )ig31 [
1
2
tan3 θ′ + (cot θ′ + tan θ′)2 tan θ′]Z ′µZ
′2tr[Xµτ3] +
1
64
(K1D,Σ6=03 +K1D,Σ6=04 )g41
×[ 3
2
tan4 θ′ + 6 tan2 θ(cot θ′ + tan θ′)2 + (cot θ′ + tan θ′)4]Z ′4 +
3
8
(
1
2
K1D,Σ6=04 +K1D,Σ6=013 −
1
2
K1D,Σ6=014 )
×tr[XµXν ]tr[XµXν ] + 3i
4
(
1
2
K1D,Σ6=04 +K1D,Σ6=013 −
1
2
K1D,Σ6=014 )g1 tan θ′Z ′νtr[XµXν ]tr[Xµτ3]
+
3
16
(−1
2
K1D,Σ6=04 −K1D,Σ6=013 +
1
2
K1D,Σ6=014 )g21 tan2 θ′Z ′2tr[Xµτ3]tr[Xµτ3] +
3i
4
(−K1D,Σ6=013 +
1
4
K1D,Σ6=014 )g1Bµν
×tr[τ3XµXν] + 3i
2
(−K1D,Σ6=013 +
1
4
K1D,Σ6=014 )tr[XµXνWµν ] +
3
4
(−K1D,Σ6=013 +
1
4
K1D,Σ6=014 )g1 tan θ′Z ′µ
×tr[Wµν(Xντ3 − τ3Xν)] + 3i
4
(K1D,Σ6=013 −
1
4
K1D,Σ6=014 )g1 tan θ′Z ′µνtr[XµXντ3]
}
, (A4)
K = − 1
48pi2
(
log
κ2
Λ2
+ γ
)
Λ, κ: ultraviolet and infrared cutoffs . (A5)
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